Tobacco plants (Nicotiana spp.) are uncommon causes of poisoning in horses and mules. Most intoxications involving livestock result from the ingestion of limited quantities during gestation, causing teratogenic effects or congenital limb defects. 4,5 A recent report documented Nicotiana glauca (tree tobacco) toxicity in a group of cattle, causing death and clinical signs of ataxia, depression, colic, and, in other animals of the herd, anorexia. 7 However, although N. glauca contains nicotine, the primary toxic alkaloid is anabasine. 3 In another report involving the review of 200 cases of unexpected death in horses and ponies, the death of 1 horse was attributed to nicotine toxicity. 2 Other experimental work with N. trigonophylla demonstrated its toxicity to cattle, sheep, and horses, with clinical signs that included agitation, ataxia, prostration, muscle trembling, and a weak pulse. These clinical signs appeared very soon after feeding and continued for a considerable period. 6 The following description is of an unusual case where hay fed to mules was contaminated with nicotine from the drippings of tobacco plants previously hung over the hay.
analysis. Samples of liver, kidney, lung, and intestine were collected for bacterial and viral evaluation.
Microscopic examination revealed nonspecific lesions for both mules and included severe, diffuse swelling of renal proximal tubular epithelial cells. Centrilobular hepatocytes had undergone mild fatty change. In scattered foci, pulmonary alveoli contained moderate quantities of proteinaceous fluid and rare red blood cells. Myocardial cells had undergone diffuse, mild swelling. No other lesions were present.
No significant alterations were present in clinical chemical values for the vitreous (blood urea nitrogen, creatinine, chloride, sodium, potassium, calcium, magnesium, and phosphorus). Bacterial and viral studies indicated no evidence of pathogenic organisms.
Stomach contents of both mules contained nicotine (4 ppm and 3.5 ppm, respectively). The corn supplement contained no nicotine, but the hay sample contained 35 ppm of nicotine. Nicotine concentrations were quantified and confirmed in methylene chloride extracts using GC/MS. The reported minimal lethal dose (MLD) of nicotine for the horse is 100-300 mg. It was difficult to determine the exact quantity of nicotine each mule might have consumed because of variation in absorption, distribution, metabolism, and excretion. No lead or insecticides were found in the stomach contents and tissues examined.
In addition to symptomatic therapy, antidotal treatment including atropine sulfate in combination with memantine hydrochloride was instituted by the local veterinarian for the sixth mule. The therapeutic measures were unsuccessful because the mule had already entered into the advanced paralytic phase of toxicosis.
A diagnosis of nicotine toxicosis was made. The owner was questioned and stated that tobacco stalks and leaves had been hung over the straw the previous fall. Fluid from hanging tobacco leaves apparently contaminated the hay stored below.
The pharmacological and toxicological effects of nicotine occur primarily in the central nervous system (CNS), cardiovascular system, skeletal muscles, and gastrointestinal tract. CNS signs depend upon the dose and vary from mild stimulatory effects, such as tremors, hyperexcitability, and auditory and visceral disturbances, to severe excitatory signs, such as marked incoordination and clonic and tonic convulsions. Nicotine transiently stimulates and then severely depresses the CNS. Cardiovascular signs, such as tachycardia and hypertension, are a result of stimulation of sympathetic ganglia and the adrenal medulla along with sympathomimetic activation of chemoreceptors of the aortic and carotid bodies. 8 In skeletal muscles, nicotine initially stimulates nicotinic receptors of the motor end-plate and in large doses it blocks the receptors. Death is from respiratory paralysis of the diaphragm and chest muscles, resulting from descending paralysis and depolarization block of the neuromuscular junction. 1 In the gastrointestinal tract, nicotine activates the smooth muscles and secretory glands, resulting in excessive 3. salivation, increased gastric secretion, vomiting, and increased peristalsis and defecation. The respiratory response to nicotine overdose is tachypnea. 8
4.
The findings presented here and elsewhere indicate that diagnosis is possible by residue analysis of nicotine or its major metabolites in body fluids, tissues, or stomach con-5.
tents.
6.
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Endocarditis and pulmonary aspergillosis in a horse
Lanny W. Pace, Norman R. Wirth, Robert R. Foss, William H. Fales An &year-old Quarterhorse gelding was treated surgically for a transverse colon impaction and 180° large colon volvulus. Peritonitis developed postoperatively and persisted despite antibiotic therapy. Culture of abdominal fluid and a peritoneal drain yielded bacterial isolates of Escherichia coli, gamma-hemolytic Streptococcus, and Enterobacter taylorae. Diarrhea developed 2 days postoperatively and resolved 3 weeks later. Early treatment included extensive intravenous fluid therapy, procaine penicillin, gentamicin, and flunixin meglumine. Antibiotic selection was modified in response to culture and susceptibility to trimethoprim sulfadiazine and ceftiofur. Metronidazole was added late in the course of treatment. Nonsteroidal antiinflammatory drugs were administered judiciously for the control of pain and pyrexia.
Pulmonary congestion was detected 1 week prior to the observance of a grade III systolic heart murmur. Persistent pyrexia, weight loss, poor prognosis, and economics contributed to the owner's decision to euthanize. Clinical diagnoses included peritonitis, pneumonia, abscess formation, and endocarditis.
At necropsy, there were multifocal areas of necrosis and accumulation of fibrin in bronchi of the left and right caudal lung lobes. In the adjacent pulmonary parenchyma there were multiple 2-4-mm firm white foci. The pericardial sac was multifocally adherent to the pericardium. On the endocardium of the left ventricle and valve leaflets of the left atrio-From the Veterinary Medical Diagnostic Laboratory, College of Veterinary Medicine, University of Missouri, Columbia, MO 65211 (Pace, Fales), and Equine Medical Services, 5851 Deer Park Road, Columbia, MO 65201 (Wirth, Foss).
Received for publication December 3, 1993. ventricular valve, there were multiple friable to firm vegetative lesions up to 2.0 cm in diameter (Fig. 1) . The intestinal tract contained green watery feces. A focal area of the pelvic flexure 4.0 cm in diameter was tightly adherent to the pelvic wall. Throughout the mucosa of the large colon, there were multiple ulcers 2 mm-3 cm in diameter. The larger ulcers extended deep into the mucosa and were covered with fibrin. A 10-x 15-cm abscess filled with yellow caseous exudate was present deep within the muscle of the medial left thigh. Histologically, the lung contained multifocal areas of necrosis and fibrin deposition with infiltration by neutrophils, macrophages, and multinucleated giant cells. Intravascular fibrin thrombi were present adjacent to the necrotizing lesions. The necrosis and inflammation were often adjacent to and extending into walls of bronchi and bronchioles. Large numbers of branching, septate fungal hyphae 6-12 µm in diameter were present in inflammatory foci. Many conidiophores with numerous radiating conidia were present in foci, which extended into the bronchial lumen (Fig. 2) . These fungi were detectable with hematoxylin and eosin (HE) stain but were better delineated with Grocott's methenamine silver stain.
The vegetative lesions from the heart consisted of necrosis, fibrin deposition, fibroplasia, and infiltration by mixed inflammatory cells. Large masses of fungal hyphae were present within the vegetative lesions (Fig. 3) .
The mucosa of the large intestine had multifocal ulcers with loss of the mucosa and infiltration of the underlying submucosa by plasma cells, lymphocytes, macrophages, and eosinophils. Multifocal areas of necrosis with infiltration by neutrophils and macrophages were present in the cortex and medulla of the kidney.
Bacterial cultures were done on lung, endocardial lesions,
